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(54) Vacuum control cycle for jet injector 

(57) A vacuum control system for a jet injector in- 
cludes a power source and vacuum pump for creating 
suction at the injector tip. The Injector includes a drive 
bar to expel medicament into the patient. Before injec- 
tion the drive bar and an Inner barrel are separated from 
each other, and at the end of the injection the drive bar 
contacts the Inner ban-el. A user operable switch that Is 
moveable between an ON position and an OFF position 
Is also provided. The power source, vacuum pump, 



drive bar, inner ban-el and user operable switch are all 
electrically connected via an electrical circuit. The elec- 
trical circuit Is configured to activate the vacuum pump 
when the user operable switch is in the ON position and 
the drive bar is separated from the Inner barrel, and to 
deactivate the vacuum pump when the drive bar con- 
tacts the inner barrel. 
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Description 

HELD OF THE INVENTION 

[0001] The present Invention pertains generally to In- 5 
jectors for delivering a medicament Into a patient. More 
particularly, the present Invention pertains to needleless 
injectors having a vacuum system for applying a suction 
at the Interface between the Injector and the skin of the 
patient. The present Invention Is particularly, but not ex- f o 
clusively, useful for controlling the vacuum system of a 
needleless Injector during the administration of a dose 
of medicament to a patient. 

BACKGROUND OF THE INVENTION T5 

[0002] Historically, most injections have been per- 
formed using traditional hypodermic syringes. More re- 
cently, diseases caused by the transmission of blood- 
bome pathogens such as HIV and hepatitis have 20 
caused the health care Industry to closely examine the 
safety of traditional hypodemiic syringes. Because of 
the fatal nature of AIDS and the lack of a suitable cure, 
exposing health care workers to contaminated needles 
and other sharps Is now considered unacceptable. 25 
Needleless injectors offer an alternative to traditional hy- 
podennlc syringes. 

[0003] Needleless Injectors are less likely to acciden- 
tally transmit bloodbome pathogens from a patient to a 
health care worker than traditional hypodermic syringes so 
for several reasons. First, only the medicament and not 
the needleless injector actually penetrates the patient, 
thus, the needleless injector is unlikely to become con- 
taminated with bloodbome pathogens during use. Also, 
a contaminated needleless injector Is unlikely to trans- 35 
mit a bloodbome pathogen to a health care worker be- 
cause the needleless injector does not have any sharp 
surfaces to expose the blood of the health care worker. 
"Additionally. accidental,lieedlesticfe"bften~6cc^^^ while 
capping or covering the needle. Thus, these types of ac- ^ 
cidents are obviated by the use of a needleless injector. 
[0004] In overview, a needleless injector typically in- 
cludes a chamber for holding an Injectable medicament. 
At the tip of the injector, an opening is provided in the 
chamber for transferring medicament from the chamber 45 
and into the patient. A plunger and a mechanism for rap- 
idly forcing the plunger into the chamber are generally 
included to force the medicament through the opening 
and out the tip of the injector. In use, the tip of the injector 
is placed In contact with the skin of the patient and the so 
plunger is forced into the chamber. In response, the 
medicament flows through the opening and out of the 
tip of the Injector, first creating a hole in the skin of the 
patient. Once a hole in the skin is created, the remaining 
medicament flows though the hole and into the patient, ss 
[0005] Important for the present invention, suction 
can be used to hold the tip of the injector against the 
skin. For example. U.S. Patent No. 5,911.703 entitled 
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Two-Stage Fluid Medicament Jet Injector" that issued 
to Slate et al. on June 15, 1999 and which is assigned 
to the same assignee as the present invention, disclos- 
es an injector with an integral suction compartment for 
pulling the skin against the injector tip. As disclosed, the 
suction compartment functions to create a seal between 
the skin area and the injector tip without having to com- 
press the skin area and underiying tissue. Further, the 
use of a suction compartment can prevent lacerations 
that can be caused when the injector tip moves relative 
to the skin during an injection. Also, the suction com- 
partment can function to create a subcutaneous pocket 
facilitating infusion of the medicament. Another impor- 
tant function of the suction compartment is to provide a 
seal around the tip of the syringe to enable slow delivery 
of the medicament. 

[0006] It is apparent from the above discussion that 
inadvertent triggering of the injector before the injector 
is positioned and the suction is applied should be avoid- 
ed. Also, during an Injection, the suction should be main- 
tained to ensure a stable Interface between the injector 
tip and the skin. Thus, control of the vacuum system to 
provide suction at the skin/injector tip interface is crucial 
to ensuring a safe, efficient medicament transfer using 
a needleless injector. 

[0007] in light of the above, it is an object of the 
present invention to provide a vacuum control system 
for a needleless injector in which a single control move- 
ment by the user releases a mechanical trigger lock and 
activates the vacuum motor. Another object of the 
present invention is to provide a vacuum control system 
for a needleless injector that is configured to deactivate 
the vacuum motor if the vacuum switch Is released by 
the user before the triggering of an injection. It is another 
object of the present invention to provide a vacuum con- 
trol system for a needleless injector which maintains 
suction at the interface between the injectoir and the skin 
of the patient during injection of the medicament in spite 
of the"iriadverterit " release "of the" va^^ 
switch by the user. It is yet another object of the present 
invention to provide a vacuum control system for a 
needleless injector that automatically deactivates the 
vacuum motor after the Injection of the medicament into 
the patient is completed thereby giving the user an indi- 
cation that the injection is complete and that It is safe to 
remove the Injector from the skin. Still another object of 
the present Invention is to provide a vacuum control sys- 
tem for a needleless Injector that functions over the wide 
range of voltages produced by a typical battery. Another 
object of the present invention is to provide a vacuum 
control system for a needleless Injector that provides a 
steady voltage to the vacuum motor during the Injection. 
Still another object of the present invention rs to provide 
a vacuum control system for a needleless injector that 
draws a minimal amount of power from the battery dur- 
ing periods between use. when the injector is uncocked. 
Yet another object of the present invention is to provide 
a vacuum control system for a needleless injector which 
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is easy to use. relatively simple to implement, and conrv- 
paratively cost effective. 

SUMMARY OF THE PREFERRED EMBODIIVIENTS 

[0008] The present invention is directed to a vacuum 
control system for a jet Injector. For the present inven- 
tion, the control system includes a user operable switch 
and a mechanical switch. An electrical circuit connects 
these two switches, with a vacuum pump and a battery 
to control the vacuum at the Injector tip during an injec- 
tion procedure. In the prefen^d embodiment of the 
present invention, the user operable switch also func- 
tions as a safety release button for the injector to ensure 
that a vacuum has been established at the injector tip 
prior to initiating an Injection. 
[0009] For the present invention, the vacuum control 
system interacts with a jet injector which has an intemal 
mechanical switch. The mechanical switch is configured 
to automatically close and thereby shut off the vacuum 
upon completion of an injection. Specifically, the me- 
chanic switch includes a conductive drive bar that trav- 
els within the hollow tube of the injector during an injec- 
tion. A conductive, inner barrel is positioned near the 
distal end of the injector tube for contact with the drive 
bar upon completion of an injection. The contact be- 
tween the drive bar and inner barrel closes the mechan- 
ical switch. A cocking mechanism is provided for repo- 
sitioning the drive bar back to the proximal end of the 
tube to allow for a subsequent Injection. This movement 
of the drive bar to the proximal end of the tube opens 
the mechanical switch. 

[0010] As described above, the electrical circuit has 
a first switch and a second switch for controlling the op- 
eration of the vacuum system. The first switch is user 
operable and Is moveable between an ON position 
wherein current flows through the switch (i.e. the first 
switch is closed) and an OFF position. A return spring 
~is provided to bias the first switch in~the OFF pbsitiohT 
The second switch is established by the contact of the 
inner ban^i with the drive bar When the inner barrel 
contacts the drive bar, the second switch is in the ON 
position and current flows through the switch (i.e. the 
second switch is closed). Conversely, when the inner 
barrel Is separated from the drive bar, the second switch 
Is in the OFF position and no cun^ent flows through the 
switch (i.e. the second switch is closed). 
[001 1] For the present invention, the electrical circuit 
is configured to pass current from the power source to 
the vacuum pump when the first switch is in its ON po- 
sition and the second switch is in its OFF position. Fur- 
ther, the electrical circuit is configured to prevent cun-ent 
from passing through the vacuum pump when the first 
switch is in its ON position and the second switch is in 
its ON position. Additionally, the electrical circuit is con- 
figured to prevent cun^ent from passing through the vac- 
uum pump whenever the first switch is in its OFF posi- 
tion. 



[0012] The user operable switch also functions as a 
safety release button for a firing cap located at the prox- 
imal end of the injector tube. For the present invention, 
an interiock ring that is rotatable about the longitudinal 

5 axis of the tube is interposed between the proximal end 
of the tube and the firing cap. The interiock ring is at- 
tached to the user operable switch for rotation about the 
longitudinal axis of the tube in response to movements 
of the user operable switch. A tab projects proximally 

1 0 from the interiock ring for engagement with a slot fomned 
in the firing cap near the distal end of the firing cap. 
When the user operable switch is depressed (i.e. moved 
to its ON position), the interiock ring is rotated to align 
the tab of the interiock ring with the slot of the firing cap. 

IS With the slot and tab aligned, the firing cap is amied (i. 
e. capable of being depressed to release the drive bar). 
The return spring, which biases the user operable switch 
in the OFF position, also biases the interiock ring into a 
position where the tab and slot are misaligned to thereby 

20 lock the firing cap whenever the user operable switch is 
not depressed by the user 

[0013] In the operation of the present invention, the 
jet injector is initially uncocked. In the uncocked config- 
uration, both switches are in the ON position (the reason 

25 for this will become apparent below), and consequently, 
the vacuum pump is inactive. Upon cocking the injector, 
the cocking mechanism will position and hold the drive 
bar near the proximal end of tube placing the second 
switch In the OFF position. Further, the cocking mech- 

30 anism will move the firing cap until the firing cap is po- 
sitioned proximally to the interiock ring. As such, the re- 
tum spring will cause both the user operable switch to 
move into the OFF position and the interiock ring to 
move to a position where the tab of the interiock ring 

35 and the slot of the firing cap are misaligned. Thus, im- 
mediately after cocking the injector, the vacuum pump 
is inactive (because both switches are OFF) and the fir- 
ing cap is locked. 

[0014] ~ Ohce"th^ ihjiBctor is in the cockeld cdnfigura- 
<o tion, the user can position the injector tip to a preselect- 
ed area of skin and depress and hold the user operable 
switch. Upon depressing the user operable switch, the 
vacuum pump will be activated (first switch ON, second 
switch OFF) to provide suction at the injector tip. Further, 
^ as Indicated above, the firing cap will be armed. At this 
point, release of the user operable switch will deactivate 
the vacuum pump, allowing the user to reposition the 
injector tip. Specifically, upon release of the user oper- 
able switch the return spring will cause both the user 
50 operable switch to retum to the OFF position and the 
interiock ring to return to a position where the firing cap 
will be disarmed and locked. 

[001 5] While the user operable switch is depressed 
and held by the user, the vacuum pump remains acti- 
55 vated and the firing cap remains armed. Thus, by hold- 
ing the user operable switch ON and depressing the fir- 
ing cap, the user can inject the medicament Upon de- 
pressing the firing cap, the drive bar \s released. Further. 
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depressing the firing cap causes the tab of the interiock 
ring to extend into the slot in the firing cap. Importantly, 
this prevents the Interiock ring from rotating. As such, 
after the firing cap Is depressed, the user operable 
switch Is held In the ON position due to the inability of s 
the interiock ring to rotate. The consequence of this is 
that once the user depresses the firing cap, the vacuum 
pump remains activated for the entire duration of the In- 
jection, regardless of the whether the user releases the 
user operable switch. 

[0016] As indicated above, depressing the firing cap 
causes the drive bar to translate along the tube. Specif- 
ically, the drive bar travels until it contacts the inner bar- 
rel, temninating the Injection. This contact with the Inner 
barrel closes the second switch, automatically deacti- ^5 
vating the vacuum pump (both switches ON). At this 
point, the injector Is in the uncocked configuration, and 
after replacing the injected medicament, the above de- 
scribed operation steps can be repeated to perform an- 
other injection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 7] The novel features of this Invention, as well as 
the fnvention Itself, both as to its structure and its oper- 25 
atlon, will be best understood from the accompanying 
drawings, taken In conjunction with the accompanying 
description, In which similar reference characters refer 
to similar parts, and in which: 

30 

Fig. 1 is a perspective view of a patient using the 
device of the present Invention; 
Fig. 2 is a perspective, partially exploded view of 
the device of the present invention; 
Fig. 3 Is a cross-section view of the device of the 35 
present invention as seen along tine 3-3 In Fig. 2, 
with the device shown in the cocked configuration; 
■ Fig. 4 is a perspective cross-section view of the de- 
^vice of thTpfesent inveritlon'as seen"albng~ 4-4 
in Fig. 3, showing the drive bar In contact with the 
inner ba^el after an injection; 
Fig. 5 is a schematic diagram of an electrical circuit 
for controlling a vacuum motor In accordance with 
the present invention; 

Fig. 6 is an enlarged, perspective view of the prox- <5 
Imal portion of the device of the present invention 
showing an embodiment of the safety Interiock fea- 
ture of the present invention; 
Fig. 7 is an enlarged, perspective view of the prox- 
imal portion of a device in accordance with the so 
present invention showing an alternate embodi- 
ment having a miniature detector switch and a com- 
pression retum spring; and 
Fig. 8 is an enlarged, perspective view of the prox- 
imal portion of the device shown In Fig. 7 with por- ss 
tlons removed for clarity. 
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[0018] Refening to Fig. 1, an injector 10 in accord- 
ance with the present invention is shown positioned for 
an Injection on the arm of a patient 12. As shown In Fig. 
2, the Injector 10 Is formed with a tubular housing 14 
having a distal end 1 6, and a proximal end 1 8. As shown, 
the tubular housing 14 can include a hollow distal tube 
22 and a hollow proximal tube 24, both centered on the 
axis 20, with the distal tube 22 being sized for insertion 
Into the proximal tube 24. 

[0019] With cross reference now to Figs. 2 and 3, It 
can be seen that a drive bar 26 is disposed within the 
housing 14 for movement along the longitudinal axis 20 
during an injection. Further, as shown, an inner ban-el 
28 Is positioned near the distal end 16 of the housing 14 
to limit movement of the drive bar 26 in the distal direc- 
tion at the completion of an injection. Also shown, a 
plunger 30 and a medicament chamber 32 are formed 
In the housing 14 at the proximal end 18. It Is to be ap- 
preciated that the plunger 30 is insertabte Into the cham- 
ber 32 to expel fluid medicament from the chamber 32 
and out through an injector tip 34. 
[0020] With cross reference to Figs. 3 and 4, It can be 
seen that the drive bar 26 translates within the housing 
14 from a cocked position (shown In Fig. 3) to a post- 
injection position (shown in Fig. 4). For the present In- 
vention, the distal tube 22 is insertable into the proximal 
tube 24 to move the drive bar 26 Into the cocked position 
(i.e. near the proximal end 18 of housing 14) Immedi- 
ately before an Injection. A cocking retum spring 36 Is 
provided to reposition the distal tube 22 relative to the 
proximal tube 24 after cocking (I.e. to an uncollapsed 
position). Also shown, a mechanism such as a. drive 
spring 38 Is mounted Inside the housing 14 for urging 
the drive bar 26 toward the distal end 16 of the housing 
14. 

[0021] With cross reference to Figs. 2 - 4, it can be 
seen that the lnjectbr~10 Includes a firirig~cap 40. As 
shown, the firing cap 40 Is mounted on the housing 14 
at the proximal end 18. Bearings 39, firing cap 40 and 
trigger spring 41 cooperate to engage the drive bar 26 
during cocking and hold the drive bar 26 in the cocked 
position. It Is to be appreciated that when the firing cap 
40 is depressed by the user, the firing cap 40 disengag- 
es the bearings 39 and thereby releases the drive bar 
26. Once the drive bar 26 is released, the force applied 
by the drive spring 38 Is sufficient to translate the drive 
bar 26 along the longitudinal axis 20 of the housing 14 
In the distal direction. By comparing Figs. 3 and 4, it can 
be seen that the drive bar 26 Is free to translate unhin- 
dered until the drive bar 26 impacts the plunger 30. The 
Impact between the drive bar 26 and plunger 30 will 
force the plunger 30 Into the medicament chamber 32, 
expelling medicament from the chamber 32 and through 
the Injector tip 34. After Impact, the drive bar 26 contin- 
ues to translate In the distal directton. forcing the plunger 
30 further into the chamber 32 to expel additional med- 
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icament until the drive bar 26 finally contacts the inner 
barrel 28. Upon contact with the inner ban'el 28, further 
travel of the drive bar 26 in the distal direction is pre- 
vented by the inner barrel 28. At this point, the drive 
spring 38 functions to hold the drive bar 26 against the s 
inner barrel 28 until a subsequent injection is initiated 
by the user. 

[0022] Referring now with cross reference to Figs. 2 
and 3, the injector 10 includes a vacuum control system 
having a vacuum pump 42 for creating suction in a sue- io 
tion compartment 44 that sunx)unds the injector tip 34. 
Signals from the vacuum control system can be sent to 
a computer processor (not shown) for use in monitoring 
compliance to a therapeutic regimen. As shown, a bat- 
tery 46 is provided to power the vacuum pump 42. Also 
shown, a first switch 48 that is user operable Is included 
to control the vacuum pump 42. A printed circuit board 
50 is provided containing a portion of an electrical circuit 
(shown In Fig. 5) that connects the battery 46 and vac- 
uum pump 42 to the first switch 48. For the present in- ^ 
vention, the electrical circuit includes an electrical con- 
nection to the drive bar 26 and an electrical connection 
to the inner barrel 28. Specifically, the negative terminal 
of the battery 46 is electrically connected to the proximal 
tube 24, which In turn, via drive spring 38, is in electrical 25 
contact with the drive bar 26. Thus the drive bar 26 is In 
electrical contact with the negative terminal of the bat- 
tery 46 at all times. Further, as shown, wire 51 is provid- 
ed to maintain an electrical connection between the in- 
ner barrel 28 and the electrical circuit on the printed dr- 30 
cult board 50. Importantly for the present invention, both 
the drive bar 26 and inner barrel 28 are constructed of 
electrically conductive materials. Preferably, the distal 
tube 22 is made of a nonconductive material such as 
plastic to insulate the inner barrel 28 from the proximal 3S 
tube 24 when the drive bar 26 is not in contact with the 
inner barrel 28. With this cooperation of structure, the 
vacuum pump 42 can be activated and deactivated in a 
■ predetefmiriecl- mahffer in respori^se to the" controlled 
movement of the first switch 48 and contact between the 
drive bar 26 and inner ban^el 28 (referred herein as the 
second switch 52). 

[0023] A suitable electrical circuit for controlling the 
vacuum system in accordance with the present inven- 
tion is shown schematically in Fig. 5. As shown, the dr- 45 
cuit includes the first switch 48 and the second switch 
52 described above. By cross referencing Figs. 2 -5, it 
can be seen that the first switch 48 Is user operable and 
is moveable between an ON position wherein cun-ent 
flows through the first switch 48 (i.e. the first switch 48 so 
is closed) and an OFF position. A return spring 54 is 
provided to bias the first switch 48 in the OFF position. 
In this embodiment, the return spring 54 also functions 
as one of the contacts for the first switch 48. The other 
contact of the first switch 48 is mounted on the printed 55 
circuit board 50. The second switch 52 is established by 
the contact of the inner barrel 28 with the drive bar 26. 
When the inner barrel 28 contacts the drive bar 26, the 



second switch 52 is in the ON position and cun-ent flows 
through the second switch 52 (i.e. the second switch 52 
is closed). Conversely, when the Inner barrel 28 is sep- 
arated from the drive bar 26, the second switch 52 is in 
the OFF position and no current flows through the sec- 
ond switch 52 (i.e. the second switch 52 is closed). 
[0024] Refening now to Fig. 5, it is to be appredated 
that the electrical circuit is configured to pass current 
from the battery 46 to the vacuum pump 42 when the 
first switch 48 is in its ON position and the second switch 
52 is in Its OFF position. Further, the electrical circuit is 
configured to prevent current from passing through the 
vacuum pump 42 whe.n the first switch 48 is in Its ON 
position and the second switch 52 is in its ON position. 
Additionally, the electrical drcult is configured to prevent 
cun-ent from passing through the vacuum pump 42 
whenever the first switch 48 is in its OFF position. 
[0025] To function in the manner described above, the 
electrical circuit includes a pair of MOSFET n type tran- 
sistors 56, 58. Preferably, the transistors 56, 58 are both 
ultra low threshold (0.9 V) so that current can be passed 
to the vacuum pump 42 even when the battery 46 has 
emptied to below 2.0 V. Those skilled in the art will ap- 
preciate that only one MOSFET transistor 56. 58 is re- 
quired to control the vacuum pump 42. The second 
MOSFET transistor 56, 58 is added to prevent damage 
to the first MOSFET transistor 56, 58 from excessive 
heat if the battery 46 is installed backwards. 
[0026] A capacitor 60 is provided to hold the voltage 
at the gates of the transistors 56, 58 steady to ensure 
steady power to the vacuum pump 42. Diode 62 is pro- 
vided to protect the transistors 56. 58 by shunting any 
negative kick generated by the effect of the inductance 
of the DC motor windings in the vacuum pump 42 in re- 
sponse to rapidly changing current. A large resistor 64 
is provided to limit power loss when the first switch 48 
and second switch 52 are both closed. Resistor 65 Is 
provided in parallel to switch 52 and capacitor 60. Re- 
sistor 65 biases the gate of the trartsistbre 
that they are non-conducting (vacuum pump 42 Is off) 
when the first switch 48 Is open. When the first switch 
48 and second switch 52 are open, the gate is pulled 
low to ground through the resistor 65. The value of the 
resistor 65 is chosen such that with the selected value 
for resistor 64 and when the injector 10 is cocked and 
the safety is pressed (switch 52 open and switch 48 
closed), the voltage at the gates of transistors 56, 58 is 
as close to the voltage of the battery 46 as possible. An 
optional circuit can be used with the present invention 
to drive an LED when the vacuum pump 42 is running. 
The LED can be used by the operator to indicate when 
an injection is complete. 

[0027] Refening now to Fig. 6, it can be seen that user 
operable first switch 48 also functions as a safety re- 
lease button for the firing cap 40. As shown, an interiock 
ring 66 is mounted on the proximal end 18 of the housing 
14 for rotation about the bngitudinal axis 20 of the hous- 
ing 14. As such, the interiock ring 66 is Interposed be- 
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tween the proximal end 18 of the housing 14 and the Further, during cocicing, the drive t)ar26 moves the firing 

firing cap 40. As further shown, the interiock ring 66 is cap 40 until the firing cap 40 is positioned proximally to 

attached to the first switch 48 for rotation about the Ion- the interiock ring 66. As such, the return spring 54 caus- 

gitudinal axis 20 of the housing 1 4 in response to move- es both the first switch 48 to move into the OFF position 

ments of the first switch 48. A tab 68 projects proximally 5 and the interiock ring 66 to move to a position where the 

from the interlock ring 66 for engagement with a slot 70 tab 68 of the interiock ring 66 and the slot 70 of the firing 

formed in the firing cap 40. When the first switch 48 is cap 40 are misaligned. Thus, when the Injector 10 is in 

depressed (i.e. moved to Its ON position), the Interiock the cocked configuration, the vacuum pump 42 is Inac- 

ring 66 is rotated to align the tab 68 of the Interiock ring tive (because both the first switch 48 and the second 

66 with the slot 70 of the firing cap 40. With the tab 68 io switch 52 are OFF) and the firing cap 40 is disarmed 

and slot 70 aligned, the firing cap 40 is armed (i.e. ca- and locked. 

pable of being depressed to initiate an injection). The [0031] Once the injector 10 is in the cocked configu- 

return spring 54, which biases the first switch 48 In the ration, the user can position the Injector tip 34 to a prese- 

OFF position, also biases the interiock ring 66 into a po- lected area of skin and depress and hold the user oper- 

sition where the tab 68 and slot 70 are misaligned to is able first switch 48. Upon depressing the first switch 48, 

thereby disarm and lock the firing cap 40 whenever the the vacuum pump 42 will be activated (first switch 48 

first switch 48 is not depressed by the user. ON, second switch 52 OFF) to provide suction in the 

[0028] Referring now to Figs. 7 and 8. an alternative suction compartment 44. Further, as indicated above, 

embodiment for the first switch (designated first switch the firing cap 40 will be anned. At this point, release of 

48*) is shown. In this embodiment, the first switch 48' 20 the first switch 48 by the user will deactivate the vacuum 

includes a lever 72 that is attached to the interiock ring pump 42, allowing the user to reposition the injector tip 

66 and a miniature detector switch 74 that is mounted 34. Specifically, upon release of the first switch 48, the 

on the printed circuit board 50. It Is to be appreciated . return spring 54 will cause both the first switch 48 to re- 

that depressing the lever 72 results in both the rotation tum to the OFF position and the interiock ring 66 to re- 

of the Interiock ring 66 to disamn the firing cap 40 and 25 tum to a position where the firing cap 40 will be disarmed 

the closing of the miniature detector switch 74 (allowing and cocked. 

current to fiow through the miniature detector switch 74). [0032] While the first switch 48 is depressed and held 
A housing 76 Is provided for containing a compression by the user, the vacuum pump 42 remains activated and 
spring (not shown) to bias the lever 72 away fi-om the the firing cap 40 remains armed. Thus, by holding the 
miniature detector switch 74. Thus, the first switch 48' 30 first switch 48 ON and depressing the firing cap 40. the 
shown in Figs. 7 and 8 functions in essentially the same user can inject the medicament. Upon depressing the 
manner as the first switch 48 shown in Fig. 2. firing cap 40, the bearings 39 holding the drive bar 26 
[0029] In addition to the embodiments described are disengaged and the drive bar 26 is released. Fur- 
above for first switch 48 and 48*. it is to be appreciated ther. depressing the firing cap 40 causes the tab 68 of 
by those skilled in the art that other types of switches 35 the interiock ring 66 to extend Into the slot 70 in the firing 
that are capable of both closing an electrical circuit and cap 40. Importantly, this prevents the Interiock ring 66 
moving an interiock ring 66 can be used in the present ft-om rotating. As such, after the firing cap 40 is de- 
inventlon. For example, an electrical switch (such as a pressed, the first switch 48 Is held in the ON position 
simplelhembTanelJom liot'showh)!^©^^ be "due to'th'e iriabllity~bf thelriteriock ring 66'tor6tate."Cbri-"~ 
used to close the electrical circuit and initiate a vacuum ^0 sequently, once the user depresses the firing cap 40, 
actuator (not shown) to rotate the interiock ring 66. A the vacuum pump 42 remains activated for the entire 
parallel switch activated by the movement of the inter- duration of the injection, Irregardless of the whether the 
lock ring 66 can be provided to maintain the vacuum user releases the first switch 48. 
pump 42 until the drive bar 26 contacts the inner ban^el [0033] As indicated above, depressing the firing cap 
28. 40 releases the drive bar 26 for translation along the 
[0030] To perform an Injection, as best understood housing 14. Specifically, the drive bar 26 travels until it 
with cross reference to Figs. 3, 4 and 6, the injector 10 contacts the inner ban^l 28, terminating the injection, 
generally begins in the uncocked configuration, with the This contact with the Inner barrel 28 closes the second 
drive bar 26 in contact with the inner barrel 28 (uncocked switch 52, automatically deactivating the vacuum pump 
configuration shown in Fig. 4). In the uncocked config- so 42 (both first switch 48 and second switch 52 ON). At 
uration. both the first switch 48 and the second switch this point, the injector 10 is in the uncocked configura- 
52 are in the ON position, and consequently, the vacuum tioh, and after replacing the injected medicament, the 
pump 42 Is inactive. Upon cocking the Injector 10, the above described operation steps can be repeated to 
bearings 39 engage and hold the drive bar 26 near the perform another injection. 

proximal end 18 of housing 14 (cocked configuration ss [0034] While the particular device as herein shown 

shown in Fig. 3). Thus, in the cocked configuration, the and disclosed in detail is fully capable of obtaining the 

drive bar 26 is separated from the inner banrel 28 and objects and providing the advantages herein before 

accordingly, the second switch 52 is in the OFF position. stated, it is to be understood that it is merely illustrative 
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of the presently preferred embodiments of the invention 
and that no limitations are intended to the details of con- 
struction or design herein shown other than as de- 
scribed In the appended claims. 



Claims 

1. A vacuum control system for a jet injector which 
comprises: 

a power source; 
a vacuum pump; 

a first switch moveable between an ON position 
and an OFF position; 

a second switch moveable between an ON po- 
sition and an OFF position; 
an electrical means for passing a current from 
said power source to said vacuum pump to op- 
erate said vacuum pump, said electrical means 
having a first configuration for passing cun-ent 
therethrough when said first switch Is in Its ON 
position and said second switch is in its OFF 
position, and said electrical means having a 
second configuration for preventing current 
from passing therethrough when said first 
switch is In Its ON position and said second 
switch is in its ON position; and 
a mechanical means for sequentially turning 
said first switch from its OFF position to its ON 
position and subsequently tuming said second 
switch from its OFF position to Its ON position. 

2. A system as recited in claim 1 wherein said me- 
chanical means is said jet Injector. 

3. A system as recited In claim 1 wherein said me- 
chanical means comprises: 

a substantially hollow tube; 
a drive bar mounted inside said tube for move- 
ment between a first position and a second po- 
sition; 

a drive mechanism mounted inside said tube 
for urging said drive bar toward said second po- 
sition; 

a mechanism for holding said drive bar in said 

first position; 

a firing cap mounted on said tube; and 
a safety release button mounted on said tube 
for amiing said firing cap to selectively disen- 
gage said holding mechanism and release said 
drive bar for movement from said first position 
to said second position. 

4. A system as recited in claim 3 wherein said first 
switch is said safety release button. 
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A system as recited in claim 3 wherein said drive 
bar moves said second switch into its ON position 
when said drive bar is in its second position. 

A device for injecting a medicament into a patient, 
said device comprising: 

a substantially hollow tube having a distal end 
and a proximal end; 

a drive bar mounted inside said tube for move- 
ment from a first position near said proximal 
end of said tube to a second position near said 
distal end of said tube, said movement for ex- 
pelling medicament from said tube; 
a vacuum pump; 

a user operable switch moveable between an 
ON configuration and an OFF configuration; 
and 

an electrical means for activating said vacuum 
pump when said drive bar is at said first position 
and said user operable switch is in said ON con- 
figuration, and deactivating said vacuum pump 
when said drive bar is at said second position 
and said user operable switch Is in said ON con- 
figuration. 

A device as recited in claim 6 further comprising a 
means for biasing said user operable switch in said 
OFF configuration. 

A device as recited in claim 7 wherein said means 
for biasing said user operable switch in said OFF 
configuration Is a return spring. 

A device as recited In claim 6 wherein said electrical 
means comprises a conductive element positioned 
inside said tube for contact with said drive bar when 
said drive bar Is at said second position. 



<o 10. A device as recited in claim 9 wherein said conduc- 
tive element is an inner barrel. 

1 1 . A device as recited in claim 6 wherein said electrical 
means is configured to deactivate said vacuum 
pump when said drive bar is at said first position and 
said user operable switch is in said OFF configura- 
tion. 

12. A device as recited in claim 6 wherein said electrical 
50 means comprises an electrical circuit including two 

MOSFET n transistors. 

13. A device as recited in claim 6 further comprising; 

55 a drive mechanism mounted inside said tube 

for urging said drive bar toward said second po- 
sition; 

a cocking mechanism for holding said drive bar 
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in said first position; 

a firing cap mounted on said tube, said firing 
cap moveable between a first configuration 
wherein said drive bar is held In said first posi- 
tion and a second configuration wherein said 
drive bar Is released from said first position; and 
a means for reieasably locking said firing cap 
In said first configuration. 

14. A device as recited in claim 1 3 wherein said tube 
defines a longitudinal axis, said firing cap is formed 
with a slot, and said means for reieasably locking 
said firing cap comprises: 

a locking ring rotatably mounted on said proxi- 
mal end of said tube, said locking ring formed 
with a tab, and said locking ring attached to said 
user operable switch to rotate about said longi- 
tudinal axis in response to movements of said 
user operable switch, with said tab and said slot 
being aligned to arm said firing cap when said 
user operable switch is in the ON position, and 
said tab and said slot being misaligned to lock 
said firing cap when said user operable switch 
is in the OFF position. 

15. A vacuum control and safety interiock system for a 
medicament injector having a vacuum pump and a 
firing cap mounted thereon, said firing cap move- 
at)le from an initial position to a depressed position 
to cause said Injector to inject a medicament, said 
system comprising: 

a user operable switch moveable between an 
ON configuration and an OFF configuration; 
an electrical means for activating said vacuum 
pump after said user operable switch has been 
moved to said ON configuration; and 
a 'means"f6r locking said firing cap irTsaid initial " 
position when said user operable switch is In 
said OFF configuration and unlocking said fir- 
ing cap when said user operable switch Is In 
said ON configuration. 



operable switch Is In said OFF configuration. 
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17. A system as recited in claim 15 wherein the injector 
has an internal switch and a mechanical means for 
turning the internal switch from an OFF configura- 
tion to an ON configuration upon completion of an 
Injection of medicament, and wherein said system 
further comprises: 

an electrical means for activating said vacuum 
pump when said user operable switch is in its 
ON configuration and said internal switch is in 
its OFF configuration and deactivating said 
vacuum pump when said user operable switch 
Is in Its ON configuration and said internal 
switch Is in Its ON configuration. 

18. A system as recited In claim 17 wherein said elec- 
trical means comprises an electrical circuit Includ- 
ing two MOSFET n transistors. 

19. A system as recited In claim 17 wherein said elec- 
trical means is configured to deactivate said vacu- 
um pump when said internal switch is In said OFF 
configuration and said user operable switch Is in 
said OFF configuration. 

20. A system as recited in claim 15 further comprising 
a return spring to bias said user operable switch to 
said OFF configuration. 

21. A system as recited In claim 15 further comprising 
a means for driving an LED when said vacuum 
pump is activated. 



16. A system as recited in claim 15 wherein said firing 
cap is formed with a slot and said locking means 

comprises: 



45 



a locking ring having a tab extending therefrom, 
said locking ring mounted on said Injector for 
relative movement thereto, said locking ring at- 
tached to said user operable switch to move 
therewith and cause said tab and said slot to 
align and unlock said firing cap when said user 
operable switch Is in said ON configuration, 
said locking ring attached to said user operable 
switch to cause said tab and said slot to mis- 
align and lock said firing cap when said user 
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